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Foam structures




Foam structures

Liquid foam structure follows Plateau’s rules (low density limit)

. 3 films meet at 120° angles and form a
Plateau Border

2. 4 Plateau Borders meet with 109,6° angles

3. Each film has a constant curvature




Foam structures

Liquid foam structure follows Plateau’s rules (low density limit)

. 3 films meet at 120° angles and form a
Plateau Border

2. 4 Plateau Borders meet with 109,6° angles

3. Each film has a constant curvature
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Liquid foams Solid foams

Andrieux et al, Adv. Coll. Int. Science, 2018 "Liquid foam templating” T



Why Is the structure so iImportant!
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M.F.Ashby, Philosophical Transactions of the Royal Society A (2006)



Why Is the structure so important!

Properties of a Constitutive material + Topology and geometry 5

: : + Relative density £
cellular solid properties Ej of cells Y os

M.F.Ashby, Philosophical Transactions of the Royal Society A (2006)
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Modifying foam structures of liquid precursors

Can we use elastic intruders to modify those
mechanically self-assembled structures?

Elastic intruders Liquid foam



Modifying foam structures of liquid precursors

Can we use elastic intruders to modify those
mechanically self-assembled structures?

-
Elastic intruders Coud foam \
energies

interfacial Z(%Ai)

1 F
bending ~ 5/ B(k(s) — ko)*ds
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F—— 100-1000pum
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bending rigidity



Elastocapillarity (slender elastic structures + liquid interfaces)

C.V. Boys (1896)

o < —
B. Pokroy et al, Science (2009)

Py et al, PRL (2007)
Review articles : Roman et dl, Journal of Physics: Condensed Matter (2010)

Bico et al, Annual Review of Fluids Mechanics (2018)



Elastocapillarity (slender elastic structures + liquid interfaces)

Liquid/Interface
surface tension y

Elastic material
Young's modulus E

Geometry
bending rigidity
geometry of interfaces
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B. Pokroy et al, Science (2009)

Py et al, PRL (2007)

Review articles : Roman et dl, Journal of Physics: Condensed Matter (2010)
Bico et al, Annual Review of Fluids Mechanics (2018)



2D model system: confining bubbles in tubes
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Ordered structures in cylindrical tubes
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Cur. Op. in Colloid & Interf.

W. Drenckhan et al,
Science, 2010



2D model system: confining bubbles in tubes

Ordered structures in cylindrical tubes Staircase structure in square cross-section tube
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2D model system: confining bubbles in tubes
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Ordered structures in cylindrical tubes Staircase structure in square cross-section tube
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2D model system: confining bubbles in tubes

Staircase structure in square cross-section tube
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Ordered structures in cylindrical tubes
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Bubble column + ribbon




X-ray tomography measurements

Antoine Egelé & Damien Favier
Engineers



X-ray tomography measurements
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Modeling via energy minimisation

without intruder

af 1
NVE

with intruder

Af =7

INCREASING BENDING RIGIDITY



Modeling via energy minimisation

without intruder with intruder
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Etot — Ebending + Einterfaces T Einterfaces without ribbon

* Number of bubbles in contact with the ribbon not constant Ultra-flexible

* Quadratic approximation around two limit cases > Ultra-rigid
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Deflexion vs elasticity/capillarity competition

Dimensionless deflection as a function of the parameter n comparing
bending rigidity and capillarity

1 ' T ' L ' T ' L

V3AS/L

Theory

—— Rigidity-dominated

—— Capillarity-dominated

n=a/y?



Deflexion vs elasticity/capillarity competition

Dimensionless deflection as a function of the parameter 17 comparing
bending rigidity and capillarity
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Deflexion vs elasticity/capillarity competition

Dimensionless deflection as a function of the parameter n comparing
bending rigidity and capillarity
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https://doi.org/10.1039/D1SM01687C

JTowards 3D solid complex systems

Intruders Liquid foam Architected liquid foam




JTowards 3D solid complex systems

S— Solidi-
—__ fication
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Intruders Liquid foam Architected liquid foam

Polyurethane foam

[Andrieux et al. ACIS 2018
Testouri et al. Adv. Eng. Mat. 2013}




Towards 3D solid complex systems

Disordered fibres




Towards 3D solid complex systems

Disordered fibres

10 mm

Structural characterisation?
Structure/property relations?
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